Introduction
An interest in Russian electric propulsion technologies, specifically "Hall effect" thrusters, has increased due to their potential to increase the performance of Western The capillary tube' s helical dimensions were chosen to reduce the "curved-pipe flow" pressure drop to a negligible value. This was accomplished by setting the Dean number to less than 7.0 as described by Dawe. 4 The Dean number is described as follows:
where ais the capillary tube radius, R is the helix radius, p is the gas density, g is the viscosity, and v is the gas velocity. 5 The helical dimension was thus chosen to be 5.1 cm.
Procedure
Before taking data, the valve between the capacitance manometers was opened and the system pressure was varied. Pressure readings between the two gages were compared to minimize any offset errors.
At ambient temperatures, the desired flowrate was set on the inlet flow controller. After the system was brought to the desired operating pressure (with the outlet flow
controller "wide open"), the outlet flow controller was adjusted until the differential pressure across the capillary tube remained constant with respect to time. Data was then taken and the viscosity at ambient conditions was determined and compared to literature. The data set was repeated several times to establish the repeatability of the experimental hardware.
Finally, the ethyl-alcohol bath temperature was varied from ambient to -100°C. At each temperature, the differential pressure was recorded for four different flowrates and three different operating pressures. The operating pressures were taken as the arithmetic average of the inlet and outlet pressures for each test point.
Results and Discussion
The capillary flow technique uses the Poiseulle formula for gases under low Reynold' s number flow, and equates the pressure drop across a section of tubing to the viscosity of the gas, as follows:
where Q is mass flowrate, r is the radius of the capillary tube, _t is viscosity, X is the length of the capillary tube, p is density of the gas, and Ap is the pressure drop in the capillary tube. 6 The capillary tube inner diameter and length were determined by estimating the viscosity change that would be seen when the temperature of the gas was reduced from 300 to 190 K. Then an acceptable gas flowrate was chosen, one that would give a measurable differential pressure at the two temperature extremes. The
Reynolds number was checked to ensure laminar flow.
This process was iterated until the proper capillary tube dimensions were obtained. 
where a0 is capillary radius at ambient conditions, ct is the coefficient of thermal expansion for the capillary material, NASA/TM--1998-208409 2 American Institute of Aeronautics and Astronautics ATisthe temperature difference between ambient and the operating temperature. Thiscorrection was<0.2 percent.
Corrections for slip flow wereexamined. The correction isbased ontheequation:
where 13is equal to 1.147 as described by Dean, 8 a is the radius of the capillary tube in cm, E is the mean free path in cm. Corrections for slip flow were examined and found to contribute less than 0.01 percent to the viscosity values and were therefore ignored. 
